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(57) Abstract 

2 2-dideutero-5-aminolevulinic acid, or salts, hydrates or solvates thereof (preferably 2,2-dideutero-5-arninolevulinic acid 
hydrochloride), and a process for producing 2,2-dideutero-5-aminolevulinic acid. This acid is useful as a contrast medium for MRI 
diagnosis. 
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MR I ^WrTli^^tlfcl^ ^ t> JUi/7 h ©ft :itT44(0t, 

*7KH (D= 2 H) iiNMR^-Tfe^ir^m^^^OTTfeO (Chem. 
Pharm. Bull. Vol. 38, No. 9, p2610-2613, 

1 9 9 0 ;jgfe#I4#jg^iFNMRyXfA0il ¥ 4 *£g No . 
03558029, p38, 1 9 9 3 W) > ^ntCflD/LT. 5^^^Jt*< 0 . 015 

Tl^tt^ (#Jx.Ji\ #H#fpfl5, 0 4 2, 4 8 8-^Bj^^ N SO'#§3¥6 - 

2 0 6 8 8 3 ^r&mt£ <t* £#J!B© C <t ) 0 

ffitt-T S d £ (c £> 0 . ct^S^^CIi. s***«ii^«at LT^, #5£©£ 

ft/c 2, 2-v?^^--7 i o-5-T^yuru >»*<M R SU^oJtgT £> 

t^c L fc 0 £ tz, 2 , 2-^^-fn-5-7;7l/7''J JtiEifiK8&m 

*>£ N ^r^BJfl cttl(i\ 2, 2-^i? a -fo-5-7;;i/7''J>iS 
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^©MJST'feoT, (a) 5, 5-y> h + 

Kv^-fiTKm^lTSXIi ; Ra (b) ±iEXgT-#t»n/cS7K^k^^jD7jc^ 
SltSIi^t^Sx ty'i:, 2, 2-^y a -fn-5-7;yb7''J>| 
©ITOTiot, J^TOIi: (c) 2, 2--J-^-fo-4-<>f> 

wb-rsxii ; (d) ±iex^-c?#^n/c^^^->-ft:^ 

So 

is w £ * m -r s o ft ^ o m 

*%*MCD 2, 2-yy i -fD-5-7;7b7'iJ >^(2Tf£x£ ( I ) 



=>^y*mi&, ?LS*ig, 

T^^U^JR^, T^^7'J±^Jlig > t>*^*a&3u 




( I ) 



WO 97/03042 



PCT/JP96/01948 



OR 




(I) 



I 

H 

(C) 



^Ci^SE^O ( J . Am. C h e m. S o c . , 8 0 , 3717 (1958))© 
t°^Vv>>-2, 5-i?*> (A) fC N >?/-;K x^-;Ho^y 7 

Jl>tf — JlM&T-t?-Jl<t LtiiU; 5, 5-yy h + v- 2- tXU K> CB) 
^#5o i|iO#4T^ 5, 5-->V h + K> (B) 

S-STK^fc^to'TK^ K7*C^£&&/£irttLT 3, 3-^^ i --ra-5, 
h*->- 2 - tf^'J K> (C) iU Cti^tt^t^CiC^O 

(A) ^b7;^-;bi(DgJ!c;i:j;oT (B) £S!j£-r*figk ittteiiLT 
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yfk*"i7#o.-T--5- h^©^^a hVSIcDt^-m^-ffl^Tkck^o -e©f£ 
mr )V =j - ;b £ Tffi 0 °c ^ t ;u 3 - )i (D M&&mcomM(D%.fci& 

(B) ^t. (C) ©MitKifc^T. mymiblt&Vdt LxamyK (D 2 O) x fi 
TK^ffcy * y (CH 3 OD*si^iCD 3 od) ^©MTMt^Bt^gt L 9 
5ft^*<ffii^5o SSiLTIi^ d ft ^oSTK^Yk-fk^feicnj^-Cs >r h > 
©a -{&:7°o h >&5\gm< f^^f L, fro, #¥gt L 9 -5 7°o h >^/:^i^ 

^fccfctfftUB£ii-£^*micj£t;T (C) oS*3(fffc^«-ffiiKtrS^c <tfrT£ 

ii**ftffi-rn{i«tt^o — tera^ 7^ 2 ow^jgaE© 

£f * L < (i 0 fr £ 5 0 tOSl&J&ST, 3 0 1 0 B L < it 

5 B^RIJfr £ 2 B mftte X. \i Ja 1 ^ 

(C) fr£2, 2-^^a-fD-5-7; 7 U7'U >i©liti:fc^TfflO 

>x;u*>^ p - h;bx>x;^>if©fSt*^(t' £>ft£ c Ktfcli. (C) 
KfcfLT 0. 1 fr £ 1 0 ^fi % L < ti 1 fr £ 3 ^*©^£ffll,^ y * y -;K 

LI, 0^b 2 0 0°C, L < ii 5 0 fr£ 1 0 0t©^t\ 
3 O^b 5 BRB, L < -ti 3BfH^t> 1 OBSWt*.^ J:^ 0 
* ^ n fl:-^ (I) !i> 2, 2-v^ J .-7 : -n-4-^>-f->^ (D) «fc *K 
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D D 




CD) 



C0 2 H 



D D 




(E) 



C0 2 R ] 



D D 




(F) 



C0 2 R 1 



R 2 D D 




(G) 



C0 2 R 1 



0 D D 



(H) 



0 D D 




(J) 



C0 2 R 1 



f wr* ( i ) 



ik&QB (D) f2;£$fc (J. Am. Chem. Soc. , 1 1 8 , 2 6 3 4 
( 1 9 9 6 )) ©;£feJw«fc fc£fi£T# -5*^ S^m- d 4 £y 'J Mfcf -S Jj&1~ 

CD) fflz.l$, (1) vT 7y ? >£fpJB£i±£^"&. (2)m 

^n'J Ki LA:&KT;U:3-;U£ft^ (3) ££®k ftl, X 
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^■J5fe% #'J*-fi\ T^U+^t Kn^yl/t + v H\ SBfe-ffczK^ffc 

i&Jfcffcil * ^ ^li t7Kf W^TN - 7"d f x ^ •> > ^ ; Kt£© 

mm* -v. <t&® (E) {i^lt o. i ~ i o l < 12 i ~ i . 

©W«ifi»*- 2 0°C~ 1 5 0°C, L < li 0°C~ 1 0 0°C©£/£^T 1 B$ 
Efr h 1 0 B L < ti 5 B#Rgfr b 3 B FaWJS $ i±£ 0 7^;bh Ko^;b 

*^-ffc^ (F) s c <t fe^TtgT$»s 0 

(J. Org. Chem. , 5 0 , 1 5 5 6 C 1 9 8 5 ) £#BB) „ jgjtgjggl «J 
A^©^J1^0#ST(C T-tr h-h'J VU^T^- h- U -5 AT i? K£fFffl£-y-& 
(Tetrahedron Letters, 3 1 , 5 6 4 1 ( 1 9 9 0 ) 
N h U > f;by U ;l/7f H\ h'J-n - 7f;bx^^^7 v? Kf07^ 
K Yfc ^ ^ £ ^ ^ /j: L T' f^ffi £ 5 # & , ( T e t r ah e d r on 
Letters, _3_0_, 4 1 5 3 ( 1 9 8 9 ) £#BS) , *5M±Mjyf;b-> 
U ^7 v K\ h'J-n - 7'f * -JUT i> K^©7 v Rfc^^M^MET^ 
fPffl £ -tt S 2f & (Tetrahedron:Asymmetry,_2_, 437 
(19 9 1) #») ^Ccfc (G) tmit-fZ Z ii<Tl So 

±f£©.R£t>f:::fc(^T> h'J/f;byiJ;b7y F\ h 'J - n - ;U x ^ —Jl y 
^ KOf*3*3i:, t-yf;by^f;k>ij;i/7y h\ t-7'fibyyf 

; ^^-^7y K£J!^5 C i(C J: 0. 7k8?&a< t - 71- Jl i> * ^;b-> ij 
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flp/B«*-£5<t. R 1 *<y^l^ R 2 £vj<^©^# (G) £SJi£T£5 0 ±§E 
Z.£lz£Q *7;Utf">^i£(r^g|-r S - £ £©T\ d ©Mia O^B. 

R 2 ©7K^^SLTC^S^v 'J7l^te. #iJx.(S\ ^S^n/c^^i^y ^y- 

±l5©73^THiJitL^R 2 i)<7^mmx-h^>it^m (G) ^t>. Zl7;^-;^ 
^ h > IZ&ikir ttfe^ MZ-tf (1) v'a-VXMM. ^DD^nAih°iJyc 
^ Al£©^ □ AgfcgHl^ (2) yyf;!/^^**^ K (DMSO) -EMitffiM 

iWi (3) h U &M£*&#>l/->* A^ffli^&SE^n'f > 

M^b^i^ickO. (H) ^liSt'lSo IMMRI©«3Bi::j&1;t. 

^•^«Sl^tifc7K»S*W-rs^4& (G) frb, MiMK-f 5 c < ESHfc^ 
m CH) £g!itT££ 0 

-0J;9i:LTl#fc{b^ (H) 0y*.tf. R 1 ic*H*:-rST;i/3-;u*-g 

(J) ^J&Ji^sctttUfc^ (I) zmmirzztTb^mr&Zo 
*&W<D4t&yg (I) liMR I ^BfffloiUKii Ltli^ c i # 

^B^citf^Uct LT«. _tie©{k^#i (i) ^m^-c-ffi^T kcU^, mite® 
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mvikftmit, IP fix li^iP 5 : i ^' t ^ , fllx-idU m&m. m 

KSiRfatt&J&ait Ltffl^^ c £#t£ 3 0 finite. SIPt9:-^©*^*c^ 

100mg*>£10 g^^. JSF* L<(± 500mg^^»5 ggStfe-Bo 
>^U3-;U N O ^;UT7b3 b ^ >^ ;i /> u -> ^ > l^^if £ ft 



Ml : ititWdB (R = ^f;l/S) 
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2, 5 - tf^U Vyj-ty ( 1 . 8g, 16mmo 1) ^7-^112 Om 1 
(c. * )l h 4='$M 5 m 1 (Dlgj&izlfy 5 m g cd p - H jVjl >^£#D;i 

o-^ U -i^tf \s - 9 - KXWM&htLo U Ji f 3 h ^ 

7^ - (CHClg : M e OH= 1 5 : 1 ) i:t«If, ft8ifVi-f^ 
bSfea B H L „ i fi«J £ -T S 5 , 5-i?y h + ->-2-tXiJ K> (1. 8 5 g , 8 1 

%) *ntz 0 

m. p . 8 9 - 9 0 °C 

^H-NMR (CDC lg , 300MHz) (5:2. 01 (t, 2H, J = 7 . 
0Hz, NCOCH 2 -) , 2. 43 (t, 2H, J = 7. 0Hz, NCOCHg 

C H. 2 - ) , 3. 25 ( s , 6H, OMe) , 3. 36 (d, 2H. J = 2 . 
5Hz, NCH 2 C COM e ) 2 ) , 5. 89 (bs. 1H, NH). 
P-SIMS (Glycerin matrix) 182 (M + + 1 . 8 %) , 
160 (100%), 128 (34 %), 101 (5%). 

&\2 : fc^m (C) C£^fi5c 

M 1 T"£j& L/c 5, 5-^yh + v- 2- h° ^ D K > ( 5 0 0 m g , 3. 
4mmo 1 ) £ N S^SBB^TTSTKSI'fb^ * / - (CDg OD) 5ml {C^fjS? 
U :nCNaOD©4 0%D 2 OSS^O. 0 5ml flO^U ^jfiKT— glfcfr* 

*-KT*ftgLfco $ £Kj*£#>?°T&ISE^£S3jU ili:5m 1 CD? no 

Sia B a L. g^it^ 3, 3-vv^-^n-5, 5 - v y h + - 2 - t c ^ 'J 

K> ( 4 8 5 m g, 9 5%) £f#/c c 
m. p . 8 7 - 8 8 °C 

2 H-NMR (CDC 1 3 , 3 0 0MHz, TMS) S : 1. 99 (s, 2H, 
NCOCD 2 CH 2 -) , 3. 25 (s, 6 H, OMe) , 3. 35 (d, 2 H, 
5 = 2. 5Hz, NCH_ 2 C(OMe) 2 ), 6. 93 (bs, 1H, NH). 

— 10 — 



WO 97/03042 



PCT/JP96/01948 



P-SIMS (Glycerin matrix) 184 (M + 1 . 5 %) , 
1 6 2 ( 1 0 0 %), 130(31%), 103(5%). 

m 3 : *¥£W<Vit&<&) ( I ) 

ffl 2 T'^fijc L tz 3 , 3-i?ya-fn-5, 5 - ^ ^ h + -> - 2 - 'J K > 
( 5 0 0 mg, 3. 4mmo 1) If li^Tt 1 NM7j(^i:iliLx 

8 o °c<Dt&r4±5 B$mfr£m-& tz 0 a~ ^ v -^y<^\y- ^ -nxmwik, mm. 

T I J l/7"'J >®?i£^i£ ( 4 6 2 m g , 8 0%) ^|#/: 0 
m. p. 147-149 °C 

1 H-NMR(D 2 0, 300 MHz) 6:2. 7 5 (s, 2H, -CH 2 CD 2 

-), 3. 99 (s, 2H, NCH 2 -) . 
P-SIMS (Glycerin matrix) 134 (M + + 1 %) , 116 

(18%) . 

#J4 : (D) 

7 7° a t°;UT (48ml, 0. 34mol) ©fh7kF'o77 >i<g 
m. (200ml) °CT« L *< £ , n - 7'^ ^ U ^ *7 A - 

n -^^-9- >jg^ ( l M*g?&, 207ml, 0. 34mol) £)!jDx./Co d © v 
^ 7 7°d b°;b7 ; KM!:^Sgt«- d 4 (lOg, 0. 15 6mol) ^ 

f ^*X*o7 ? K (90ml) &1jnz-tz 0 3 0 T </;U7*n ~ K 

(13. 3ml, 0. 1 5 6 m o 1 ) &1j\\z.Z> ftiSfi- 7 °C^£> 3 0 °Cfr_L 

^^7j<7j<?§±Tj»^t^^t>^tt!C/d:S t-e?^ 1 Nig^7j<^in^.. 
^^{'TWM^ffltii L/Co -x-T^uJi^ig (MgC l 2 )L/c^. ztl?§LT?#^ 
n/cM£m® LT, lfl^t^2, 2-^>'a-fn-5-^>f/S[ (9. 
3 g, 5 8%) £t#/c 0 
b. p. 79-82 °C(9mmHg) 

! H-NMR (CDC K , 3 0 0MHz) 5:2. 39 (d, 2H, J = 6 . 



WO 97/03042 



PCT/JP96/01948 



3 H z , -CH 2 CD 2 -), 5. 01-5. 13 (m, 2 H, C H g =) , 5. 
7 7 - 5. 8 9 (m, 1 H, CH 2 = CH-) . 

M5 : <t&%B (E) (R 1 =y 

#J 4 H jUtf>Wl ( 9 . lg, 8 9 mm o 1 ) ©ig-ffc / * U >^?g 

(2 7ml) £7jc7teS_hTifti$Loo N ^^^^^^^ = y y-ji ( \ 7 . 3 g> 

10 6mmol) £4>*"ro;bnx.fco 3 B£H«#L;fc&. y^y-^ (5. 4ml, 
1 3 3mmo 1 ) £#0*. Lfco St5S^*^7Kx l&ft^TK 

T&^L/c^ (MgC l 2 )btiil, UMIf UTg^if^ 

/ jULX^Jlsfe ( 3 . 8g, 2 6 %) ^#/; 0 

b. p. 126-127 °C 

J H-NMR (CDClg , 300MHz) 6:2. 38 (d, 2H, J = 6. 
0Hz, =CHCH 2 ), 3. 68 (s, 3 H, OM e ) , 4. 98-5. 09 

(m, 2H, CH 2 = ) , 5. 7 7 - 5. 8 9 (m, 1 H, CH 2 =CH-) . 
00 6 : (F) 

«5tHf:xxf (2. 3g, 20mmo 1) fflM^^li 

(1 2 0ml) Cm-^nnlMfi «5 5%, 7. 5g, 2 4mmol) 

(Mgc i 2 )Lfc 0 ^m^mEE^Lxn^ntzmm^m&m^Lx, gwt 

t5x|+yxxx;W (2. 2g, 8 5 %) ^#/; c 
b. p. 98-99 °C(36mmHg) 

'h-NMR (CDClg, 3 0 0 MHz) 5 : 1. 77 (bdd, 1H, J = 
8. 5, 4. 0Hz, CJi a H b CD 2 -), 1. 98 (bdd, 1H, J = 8. 
5, 2. 7Hz, CH a H_ b CD 2 -), 2. 51 (dd, 1 H, J=4. 9Hz, 
2. 7Hz, CH a H b 0-) , 2. 76 (t, 1 H, J=2. 7Hz, CH g 
H b CD 2 -) , 2. 9 9 (m, 1 H, CHCH 2 CDg ) , 3. 6 9 (s, 3 H, 
0 M e ) . 
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ffl 7 : it&m CF ) <D&J% 

m 4 xmz (7. 5 g , 73. 5 mm o 1 ) <fc 9 , #J 5 £ t, 

0 g, 82%) c 

fl'J8 : (G) ©£j& 

^J6T|#/;x^+yxXT^ (7. 5g, 56. 7mmol). h'J^f;b 
-> U ^7-^ K (12ml, 9 0 mm ol) , DMF (12ml) ©?it-£#j£. ^ 

^^••x#si^t^9 ot®jftjs±T4 om®tiamix&Ltz 0 }%i$m. &m<nKfc 

^flJSO'DMF^^m®* (^42t/9mmHg) U ggjg ^^i© •> >J ii f Jl 
&FBl,^tiij v W7 ov h 7 4 — ( n - + > : IftS? i -f- ;U = 2 0: 1 ) {r 
«t ^ffM U IWit 5 T i> K# ( 1 3 . 4 g, 9 5%) ^#/; 0 
! H-NMR (CDC1 3> 300 MHz) 5:0. 20 (s, 9 H, - S i Meg 
), 1. 85 (m, 2H, CJi 2 CD 2 ) ( 3. 21 (dd, 1H, J = 1 2. 
5, 7. 7H z, CH a H b Ng), 3. 28 (dd, 1 H, J = 1 2. 5, 4. 
3Hz, CH a H b N 3 ), 3. 72 (s, 3 H, OMe) , 3. 86-3. 93 
(m, 1 H, CHO-) . 

M 9 : itiz® (H) CD^fiJc 

m 8 Tl#/cT (1 3. 1 g, 5 3 mm o 1 ) ©7t h >^fjR (15 0ml) 

*^TTfll^L. >> s - >Xf» (4 [O] mm o 1 /m 1 , 2 5ml; 
TL/c 0 fi&T&T&x tKtK^S^^ LT^S^ p h ^'^ 7 ^ -±T^4^/i^t- 

(Mg C 1 2 ) Mi£z§fisL.Tf#£;h,/cM£-> 'J JjYJlij^L.? n7h/ 7 7<- 
(n --\*Ht> : ||xf;^ 7 : 2) TflLT, y h >4* (6. 3g, 6 9 

— 13 — 



WO 97/03042 



PCT/JP96/01948 



*H - NMR (CDC 1 g , 300MHz) 6:2. 73 Cs, 2 H, CH 2 CD, 
), 3. 69 (s, 3H, -OMe) , 4. 03 Cs, 2H, CH 2 -) . 

0J1O : ft^#/ ( J ) 

9\ 9 -efttz 7 K - ii jUtf—jl/fe (440mg, 2. 5 mm o 1) © y / - 
(1 0ml) iimi^m ( 0 . 5ml) £J|J*.. 1 0%/'7y ^ A/#£3f 

(5 0mg) ©^ET^KJ^M^itT, ^nm2^mmMM7t^rf^tz 0 

(4 4 0 m g, 9 4%) fc 0 
m. p . 1 1 8-1 2 It 
^H — NMR (CD C 1 g , 300MHz)<5:2. 8 7 ( s, 2H, CHgCDg 
) , 3. 66 (s, 3H, -OMe) , 4. 09 (s. 2 H, NH 2 CH 2 -) . 

0U11 : it&® ( I ) <D&f& 

#|J10£ l^flltr IT, 0>J 9 Tl|/;7 ^ K - ii — ( 3 . 9g, 22. 
5mmo 1) ? ; - Jl (70ml) ir&J&U ( 2 . 5ml) £10 

(4 0 0 mg) cd^&Ttn ^TdSMjtTU^fr o If 
£ftfc&7 $ >*g&tS£ 1 N£H7Kjg& (20ml) (C?gJS?L. — M^iST'K 
S L •> U * y ^»JB ^av ^77^- (SMift, n - 7 9 J - Jl : lK : & 
®?=6 : 2. 5:1. 5) TS^©^M^iftfI L tz&^ g«^IiLTtHSa B a 

%(n ^-OftWM^ft5 2, 2 — ~J is a. — "T" o — 5 — T I. J \y 
y" U yWt&m& ( 3 . 5 4 g , 9 2%) ^f#t 0 

K (£S&i£) (i^fe^ t>^HfeO^B B HT* 0. ^© - NMR x<? h ;Ki, 

7K^fb Lti^ii' 1 5 — t ^ y u/u > & k «aij $ n s 2 ft □ h > ( 2 . 

59ppm;t, 2H, J =2. 5 H z ) ■ jWUBfc-T 6 ±#IZ* 2. 7 7ppm (t, 
2H, J -2. 5 Hz) ©3fe7°D h>*qiltlt2. 7 5 p p m (r fct}i£ L 
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^ tfrb^ 5 -T i J 1/7''J >^© 2%L-fuY > ^fiTK^T g^ £ ft T U 
& C £ ^flEB^ £ tl/c 0 2, 2-> ; > ; a -fP-5-7; / U7"'J>^6D 
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